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{

Iowa has an abundance of biogas resources

}
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Executive Summary
Iowa is known around the world as a leader in the production of corn, soybeans, and hogs. However, in today’s
marketplace, it is necessary to do more than produce the most to maintain a leadership position. Today’s market
leaders are being asked to measure and account for the environmental impacts of production and implement
sustainable solutions. For Iowa, this means adopting new strategies that will cement its leadership in its core
economic segments.
This project ties together Iowa’s farmers, renewable energy producers, agronomists, and water quality advocates
in a meaningful demonstration of future practices that will demonstrate Iowa’s leadership to the world. This report
evaluates the potential to create a market for cover crops and install enhanced manure management infrastructure
with a pilot project that will produce renewable natural gas from hog manure and biomass.

This project was driven by three trends in Iowa’s agricultural and energy landscape:
1. The abundant availability of hog manure in Iowa
2. The benefits to Iowa’s water quality from planting cover crops
3. Iowa Energy Plan’s objective to create new markets for biomass in the energy sector

A fourth trend is the premium currently paid for low-carbon fuels relative to fossil fuels. Projects and fuel pathways
that reduce carbon emissions can access new revenue streams due to regulations that incentivize the production and
use of low carbon fuels.

Why Do This Now?
As agriculture moves into the era of measuring its environmental impact, it is important to quantify and monitor
all the social, environmental and economic benefits of a project. A biomass to fuel project that co-processes
cover crops and hog manure in Iowa can have a significant positive impact on air quality, water quality, economic
development and job creation. A successful pilot project will help quantify these benefits and will help drive policy
that can support markets.
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Many companies would like to site their operations in regions that can help them achieve their sustainability goals.
States that can meet them halfway with a proven commitment to sustainability are more attractive sites, provided
other factors are equal. Thus, if the pilot project can demonstrate a sustainable agricultural model that addresses air
quality, water quality and renewable energy production, it could support the expansion of animal farming and/or crop
agriculture and attract other energy intensive industries such as data centers, etc.

Findings
The following 34 counties were identified as more suitable for a pilot project co-digesting hog manure and covers
crops. The selection methodology is detailed in the report and the results are displayed on a map in Figure 1.
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Figure 1: Relative ranking of counties for biomass potential
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The above counties can broadly be divided into 4 clusters: a northwest cluster, a southeast cluster, a north central
cluster and a cluster to the west and northwest. They are all served by a mix of municipal gas utilities and larger
energy companies such as Black Hills Energy, MidAmerican Energy and Alliant Energy. All the clusters either had
pork processing facilities within them or in counties immediately adjacent. All of them lie within HUC 8 watersheds
and have impaired water bodies. Thirteen of the 34 counties already have a municipal wastewater treatment plant
with an anaerobic digester. The top 10 counties with the highest score are listed below.

Table 1. Top 10 counties with high cover crop adoption rates and CAFOs
County
Washington

2016 cover crop
planted acres

# of hogs

21,353

644,355

Sioux

3,855

1,422,860

Buena Vista

8,607

557,738

Lyon

6,600

912,463

Palo Alto

3,469

769,249

Audubon

5,748

262,376

Keokuk

5,642

346,856

Sac

4,592

532,937

Wright

4,030

614,201

Osceola

2,866

580,088

Since a successful pilot project must demonstrate the economic viability of a biomass to fuel project and chart
a path to commercialization, this study created a hypothetical scenario of a small digester in a rural county that
co-digests cover crop biomass and hog manure. Details of this scenario and some of the major conclusions are
provided below.

Total capital cost to construct a digester, upgrade the biogas and inject it into a pipeline was capped at $10 million
for this analysis. The operating costs for the facility were estimated at $1 million per year from EcoEngineers’ past

1

The unique nature of this project means there could be a significant variance from the estimates provided here and actual costs. Operating costs currently

do not include any costs related to the acquisition of cover crops or hog manure. Capital costs can vary widely depending on project size, proximity to a gas
pipeline, required per-treatment, permitting, discharge and storage requirements, etc.
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experience working on other biogas projects1. It was estimated that a $10 million facility could process around 100
metric tons (MT) of organic feedstock per day or 36,500 MT per year and produce 271 MMBtus of renewable
natural gas (RNG) each day. It was assumed that the project will be financed through debt at a rate comparable to
that of the State Revolving Loan Fund (SRF).

Project break even costs under the above assumptions are $18 per MMBtu of RNG produced. Lower capital costs,
greater yields and lower operating expenses will lower the breakeven threshold. About 16% of the break even value
($3 per MMBtu) was assigned to the base natural gas commodity. The rest ($15 per MMBtu) will have to be met
through the sale of other products and services.

The biggest opportunity is to sell environmental services and access revenue streams, such as carbon premiums
for RNG used as vehicle fuel or payments for nutrient reduction achieved by planting cover crops. Tipping fees for
waste management services and sale of fiber bedding are also viable revenue streams. This analysis only considers
revenues from carbon premiums for RNG used as vehicle fuel as an example of payments for environmental services.

Current premiums for RNG are three times the break even requirement; historical values have ranged between $14
to $48 per MMBtu of RNG for similar projects. For this analysis, the carbon premium for RNG used as vehicle fuel
was estimated at $47 per MMBtu at the higher end of the historical range due to the potential to avoid methane
emissions by digesting the hog manure and due to the carbon sequestration potential of planting cover crops.

Due to the high carbon premium currently available, no other revenue streams were included in this analysis. However,
a real-life scenario should try to distribute revenue risk through the sale of multiple products and services. For example,
Iowa Department of Agriculture and Land Stewardship (IDALS) offers a cost share program that indirectly pays for
nutrient reduction services resulting from the planting of cover crops. A rural anaerobic digester could function as a
regional waste disposal facility and earn tipping fees. Integration with regional wastewater treatment capital projects,
local climate action plans, etc. are all ways to lower the break even threshold and diversify revenue risk.
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From the baseline scenario assumptions in this analysis, a pilot project in one of the above 34 counties with a
carbon premium of $47 per MMbtu for RNG, would generate about $2.6 million after debt service in year 1 and an
aggregate cash flow of almost $60 million over a 20-year life.

Additionally, the RNG produced by the pilot project could displace about 2,000 gallons of diesel per day and reduce
approximately 21,000 MT of GHGs per year. This is approximately equal to removing 4,500 cars from the road or
electrifying 3,000 homes for one year2.

We recommend the State actively pursue this opportunity by narrowing the list of 34 to 2-5 sites that are most
suitable. Once there is a short list of sites, project logistics, costs and revenues and industry partners will have to
be identified. The result of this next phase of investigation will result in narrower operational parameters, biogas
production rates, break even costs and revenue requirements, which, in turn, will guide the development of potential
investment structures and required policy frameworks.

Figure 2: Benefits of anaerobic digestion to Iowa’s rural economy

2

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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Background
In the 2016 report “Anaerobic Digestion Systems & the Water-Energy Nexus: A Study of the Impacts of Biogas
Production in Iowa,” EcoEngineers recommended the installation of a pilot project to closely study the full
environmental, social and economic impact of anaerobic digestion systems. We are pleased to provide the following
analysis to help guide a site selection process for a pilot project that would co-process biomass provided by cover
crops and hog manure to produce renewable natural gas (RNG).

This site selection analysis is based on three trends in Iowa’s agricultural and energy landscape:

1. The abundant availability of hog manure in Iowa
2. The benefits to Iowa’s water quality from planting cover crops
3. Iowa Energy Plan’s objective to create new markets for biomass in the energy sector

A fourth trend is the premium currently paid for low-carbon fuels relative to fossil fuels. Projects and fuel pathways
that measurably reduce carbon emissions are can access new revenue streams due to regulations that incentivize
the production and use of low carbon fuels. This report evaluates the potential to exploit low carbon fuel incentives
to meet the objectives of the Iowa Energy Plan, create a market for cover crops and install enhanced manure
management and wastewater infrastructure. Each of these trends listed above is discussed in further detail below.

A secondary purpose of this analysis was to compare the selected counties for other contributing factors that would
impact the decision to locate a pilot project in a particular county. These were identified as gas pipeline infrastructure,
fragile watersheds, pork processing facilities and the presence of existing municipal wastewater digesters.
Gas pipeline infrastructure is an economic development driver, and a project that builds additional gas pipelines
would have long-term beneficial impacts on the local economy. Fragile watersheds should be targeted for cover
crop planting to control nutrient runoff from surrounding fields.
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Pork processing facilities can contribute high-strength waste, which increase biogas yield, and they can benefit from
lower waste disposal costs. Technology at existing municipal wastewater digesters could potentially be leveraged
to reduce capital costs related to a pilot project; a rural manure digester can also supplement existing wastewater
services in the region.

Finally, a successful pilot project must demonstrate the viability of commercialization. We estimated biogas production
potential from manure and cover crops, capital costs and revenues from sales of products including payments for
environmental services for a hypothetical system co-digesting cover crops and hog manure. A simple financial
proforma was created followed by a brief discussion of pathways to commercialization.

Why Do This Now?
The benefits of a biomass to fuel project are several as shown in Figure 2. These projects could be the basis for a
sustainable agriculture model that will bring new economic development activity to the State. Some of the benefits
of a biomass to fuel project include the following:
•

New investments in local infrastructure

•

Reduced nutrient runoff and improved water quality from planting cover crops

•

Increased crop diversity and improved soil health from planting cover crops

•

Improved air quality from cleaner burning transportation fuels

•

Improved air quality and greater grid resiliency from renewable power generation

•

Increased employment and economic activity

•

Lower waste disposal costs for local industry

•

Odor control and better air quality from improved manure management processes

As agriculture moves into the era of measuring its environmental impact, it is important to quantify and monitor all the
social, environmental and economic benefits of a project. A biomass to fuel project that co-processes cover crops
and hog manure in Iowa can have a significant impact on air quality, water quality, economic development and job
creation. Understanding its details will help drive policy that can support markets.
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Many companies would like to site their operations in regions that can help them achieve their sustainability goals.
States that can meet them halfway with a proven commitment to sustainability are more attractive sites, provided
other factors are equal. Thus, if the pilot project can demonstrate a sustainable agricultural model that addresses
air quality, water quality and renewable energy production, it could support the expansion of animal farming and
crop agriculture and attract other energy intensive industries such as data centers, etc.
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Methodology and Assumptions
Scoring criteria
The primary purpose of this analysis was to rank Iowa counties by the quantity of biomass they produce from manure
and cover crops. The analysis in this report assumes that each Iowa county has a certain biomass production from
the presence of hog farms and the planted acreage of cover crops. The number of hog farms and the number of
hogs per county was obtained from Iowa Department of Natural Resources (IDNR). The acreage of cover crops was
obtained from Iowa Department of Agriculture and Land Stewardship (IDALS) WQI cost share program.

While the number of hogs is relatively stable, it is possible that the total acreage of cover crops could increase
dramatically in the future if there are strong economic incentives available to farmers for planting cover crops.
The percentage of total planted acres in each county that was planted with cover crops in 2016 was used as the
measure of the willingness of the growers in the county to plant cover crops. If a county demonstrated a willingness
to plant cover crops in 2016, it was assumed there is stronger potential for future growth in acreage of cover crops
in that county.

All Iowa counties were ranked on a scale of 1-5 for cover crop adoption and availability of manure as shown below.
Both characteristics were given equal weight on the scale because the purpose of the study was to propose a
biomass to fuel model that would incentivize cover crop planting and biomass production.

Subsequently, each county’s score for each category was multiplied to generate a list of counties with the highest
ranking. Individual scores for all 99 counties are provided in Appendix A. A GIS map of the counties with a rank

higher than 4 is provided in Figure 1. All counties with a score of 4 or higher was identified as having a relatively
higher potential than others. 34 counties scored 4 or higher.
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Table 2. Scoring Matrix
Scale

#of hogs per county

Scale

%cover crop average

1

4,900-250,000

1

0.0%-0.39%

2

250,001-500,000

2

0.4%-1.49%

3

500,001-750,000

3

1.5%-2.99%

4

750,001-1,000,000

4

3.0%-3.99%

5

1,000,001+

5

4%+

Biomass yields
The pilot project is expected to digest hog manure and cover crops. The actual mix of the two feedstocks available
to a project will depend on the willingness of local growers to participate in the program offered by the pilot project.

The availability of cover crop biomass is currently more limited than the availability of hog manure. In 2016, on
average, 4,900 acres of cover crops were planted in the 34 counties listed above. It is assumed that the pilot project
will accept cover crop biomass from 4,900 acres each year. This could increase as IDALS continues to offer a
cost-sharing program for planting cover crops and adoption of cover crops trends higher.

Anecdotal data suggests that the most popular cover crop is rye. Yield for rye cover crop was set at 1.16 metric
tons (MT) per acre based on a study conducted by University of Nebraska – Lincoln’s Institute of Agriculture and
Natural Resources3. Therefore, the project could receive about 5,700 MT of biomass each year from 4,900 acres.

Based on the assumption that a $10 million facility could process around 36,500 MT of biomass per year, the pilot
project will need to access 30,800 MT of hog manure in addition to the 5,700 MT of cover crop biomass. 30,800 MT
of hog manure is produced from approximately 19,400 hogs at a rate a of production of 3,500 lbs. of manure per
year per animal4. On average, there are 501,000 hogs in each of the 34 counties listed above. Therefore, the pilot
will only need about 4% of the average total manure production, which is not unrealistic to expect. However, the
logistics of transporting, storing and returning the nutrients in the manure to the farmer can pose some challenges.

3

https://cropwatch.unl.edu/2016/spring-biomass-production-winter-annual-cover-crops-corn-and-soybean

4

https://www.epa.gov/sites/production/files/2015-12/documents/us-ghg-inventory-2010-annexes.pdf
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RNG yields at a pilot project is estimated from the biogas potential of biomass from 5,700 MT of cover crop
biomass and 30,800 MT of hog manure. The biogas potential was calculated for the hog manure and for the crop
biomass using the following inputs:

Table 3. Biogas potential assumptions
Rye volatile solids (VS) content

70

%

VS destruction rate

60

%

VS biogas generation rate

12

Standard cubic feet per lb of VS
(scf/lbVS)

Methane content of biogas from rye

63

%

Methane production from rye

6.35

MMbtus/MT of dry
biomass

Biomass yield for rye

1.16

MT/acre

Methane production from hogs

60

m3/animal/year

Lower heating value of methane

33,959

Btus/m3

Methane yield per hog

2

MMbtus/animal/year

The above assumptions result in a projected RNG yield of 99 MMBtus per day from 5700 MT of biomass and
172 MMBtus per day from manure from 30,800 hogs. Therefore, total theoretical methane production at the
pilot project is estimated at 271 MMBtus per day.

Cost of capital
It was estimated that the project would be funded by 100% debt at a 2.5% rate over 20 years. The interest rates
were kept close to those of the state revolving loan fund (SRF) since these projects would mitigate non-point source
nutrient loss and could be eligible to participate in the SRF program5.

5

http://www.iowasrf.com/program/other_water_quality_programs/local_water_protection.cfm
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Carbon Premium
Current regulations place a high value on RNG from animal manure and other cellulosic materials. Both the Renewable
Fuel Standard6 (RFS) and California’s Low Carbon Fuel Standards7 (LCFS) provide incentives for the production
and use of low-carbon fuels which includes RNG used as compressed natural gas (CNG or RCNG). The carbon
premiums available for biofuels is generally proportionate to the lifecycle carbon footprint or carbon intensity (CI)
of the fuel pathway. A project co-digesting cover crops and hog manure has the potential to achieve very low
carbon intensities due to a couple of factors that need to be explored further:
•

Avoided methane credits – digesting manure prevents potential methane releases from alternative
manure management options.

•

Carbon sequestration – planting cover crops could potentially sequester carbon in the soil.

Due to the above reasons, this analysis assumed a carbon intensity (CI) value of -100 grams CO2 equivalent per
megajoule (gCO2e/MJ) of fuel produced for the RNG. Both feedstocks are also eligible to be classified under the
RFS as cellulosic feedstock, which provides the highest premium for renewable fuels.

A renewable fuel with the above profile would receive a payment of $47 per MMBtu in current markets. Historical
values have ranged from $14 per MMBtu to $48 per MMbtu with a 4-year average of $32 per MMbtu.

Based on available carbon pricing data, the total carbon premium for RNG made from cellulosic materials and with a
CI of -100 gCO2e/MJ would have ranged from $13 to $48 per MMBTU over the past 4 years with an average value
of $32 per MMBTU, as shown in Figure 3. Since neither hog manure nor rye grass is widely used for commercial
RNG production, there is very little actual market data to make a more accurate estimate.

In order to quantify the carbon premium available for the biofuel more precisely, a lifecycle analysis of the fuel pathway would need to be conducted in a program such as the Greenhouse gases, Regulated Emissions, and Energy
use in Transportation (GREET)8 model.

6

https://www.epa.gov/renewable-fuel-standard-program

7

https://www.arb.ca.gov/fuels/lcfs/lcfs.htm

8

https://greet.es.anl.gov
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Figure 3: Estimated value of carbon credits for RNG from hog manure and cover

Capital Costs and Revenues
Total capital costs to construct a digester, upgrade the biogas and inject it into a pipeline was capped
at $10 million for this analysis. The operating costs for the facility are estimated at $1 million per year from
EcoEngineers’ past experience working on similar projects9. It was estimated that a $10 million facility could process
around 100 metric tons (MT) of organic feedstock per day or 36,500 MT per year.

For a baseline scenario of revenue projection, we assumed current values of $47 per MMBtu for the carbon
premium for the RNG from hog manure and cover crops. The revenue and expense assumptions on a per MMBtu
basis are provided below. Under the baseline scenario assumptions, a project producing 271 MMBtus per day
could generate an average annual revenue stream of around $2.6 million and an aggregate cash flow of $60 million
over a 20-year project life.

9

The unique nature of this project means there could be a significant variance from the estimates provided here and actual costs. Operating costs currently

do not include any costs related to the acquisition of cover crops or hog manure. Capital costs can vary widely depending on project size, proximity to a gas
pipeline, required per-treatment, permitting, discharge and storage requirements, etc.
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Table 3. Baseline scenario cost and revenue assumptions
Revenue from gas commodity

$ 3.00

6%

Revenue from carbon premium of RNG

$ 47.00

94 %

Total revenues

$50.00

100%

Cost to access/market carbon premiums

$ (6.00)

(12) %

Project O&M

$ (10.50)

(21) %

Debt service

$ (7.50)

(15) %

Total expenses

$24.00

(48%)

Net revenues after debt service

$ 26.00

52 %

Methane yield per hog

2

MMbtus/animal/year
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Discussion
The benefits of rural anaerobic digesters that process cover crops and hog manure are several. They include:
•

Lower wastewater disposal costs for local industry

•

New investments in wastewater infrastructure (increased economic activity and job creation)

•

Creating a market for cover crops, which will result in greater cover crop planting

•

Increased (and diversified) revenues to farmers from the planting and sale of cover crops

•

Improved water quality in Iowa watersheds from reduced nutrient runoff resulting from cover crop
plantings

•

Improved water quality by eliminating pathogens in manure before land application

•

Increased crop diversity and improved soil health from planning perennials and cover crops

•

Improved air quality for local residents from odor mitigation resulting from manure digestion

•

Reducing methane emissions by switching from alternate manure management systems to anaerobic
digestion

•

Improved air quality from renewable power generation and cleaner burning transportation fuel production
and use

Despite the obvious benefits, the majority of the above services do not have reliable payment streams to meet
project breakeven requirements and make a pilot project economically viable. This is particularly significant to Iowa,
where a manure digester can also process cover crop biomass and potentially create a market for cover crops.
A market for cover crops would incentivize greater cover crop adoption rates, which will ultimately improve
Iowa’s soil and watershed health.

The value of RNG used as vehicle fuel has recently risen significantly and has created the opportunity to use this
stream of revenue to build much needed rural infrastructure. Under the baseline scenario assumptions in this report,
94% of project revenues are from carbon premiums for the RNG used as low-carbon transportation fuel. These
premiums are the same as those supporting Iowa’s ethanol and biodiesel industries.
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Project breakeven costs under baseline scenario assumptions are $18 per MMBtu. This will vary with variations in
capital or operating costs. Revenues from the commodity price for the gas (set at $3 per MMBtu) is stable relative
to the payments for environmental services. Therefore, if the project can secure $15 per MMBtu as payment for all
the environmental services it provides over its 20-year life, it will breakeven. This mininum revenue requirement
could come from a combination of payments for low-carbon fuels, for nutrient reduction in watersheds, for odor
mitigation, etc. It could also come from tipping fees for waste disposal services or from sale of products such
as fiber bedding.

This analysis assumed that the nutrients in the hog manure is returned to the farmer, and there will be no revenues
from nutrient sales. The revenue model also does not take into consideration any miscellaneous revenue streams
such as sale of fiber as animal bedding, etc. Payments for rye biomass that will incentivize cover crop planting is
currently supported by IDALs cost share program.

The greater the actual revenues are above the breakeven threshold, the more revenue there is to support
payments to farmers to incentivize cover crop plantings and/or support contingencies. Current payments for the
renewable carbon in the RNG are three times the breakeven threshold, and the project could inject $2.6 million
each year into the agricultural sector. For the pilot project, all excess cash flow to the project could be banked
and used to finance price support programs to encourage more project development.

Many Iowa municipal wastewater systems have planned capital improvement projects driven by the need to
modernize the facility or to meet increasing demand for wastewater services. A rural digester could supplement
services offered by a municipal facility. An investment in regional wastewater services should be coordinated with
planned municipal wastewater treatment facility upgrades. Thirteen of the 34 selected counties already have a
municipal wastewater treatment plant with an anaerobic digester and could, theoretically, process hog manure
and crop biomass. However, the technical, environmental and policy implications of processing manure and crop
biomass in a municipal system were outside the scope of this study and not evaluated in this report.
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Financing the pilot project through a public-private partnership will send a signal that the State is committed to
promoting sustainable agriculture models and will invite interested stakeholders to the discussion. Public-private
structures can take numerous forms and an evaluation of these structures was outside the scope of this study.
The table below summarizes the advantages and disadvantages of public and private funding for the pilot study.

Table 4. Pros and cons of private and public investment structures
Possible investment
structures for pilot

Pros

Cons

Public

Low cost of capital / emphasize environmental
services payments / prove the model

Too many stakeholders / possibly slow to move / risk averse

Private

Stronger path to commercialization / proof of
economically feasibility

Higher cost of capital

PPP

Shared costs / shared risks / prove the model /
send signal that State is committed

Complicated / structures can
take numerous forms
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Conclusion
A little over a third of Iowa counties are currently producing sufficient biomass from cover crops and hog
manure to be potentially attractive sites for a pilot project. They are broadly distributed across the State in four
clusters as described below. There seems to be greater cover crop adoption in the southern part of the state,
possibly due to longer planting seasons. Thirteen of the counties already have a municipal wastewater treatment
plant with an anaerobic digester.

A southeastern cluster of counties led by Washington and Keokuk counties are in the Lower Iowa, Skunk, North &
South Skunk and Lower Des Moines watersheds. This cluster receives natural gas from Alliant Energy, MidAmerican
Energy and several local municipal utilities. There are no pork processing facilities within this cluster; however, there
are three facilities in immediately adjacent counties.

A northwestern cluster led by Sioux, Lyons, Osceola counties are in the Floyd, Rock and Lower Big Sioux watersheds.
This cluster receives natural gas from Alliant Energy, MidAmerican Energy and several local municipal utilities. It has
two pork processing facilities within the cluster and several in adjacent counties.

Another cluster, spanning the western and northwestern parts of the State, includes Audubon, Buena Vista, Sac and
Palo Alto counties and is in the Upper Des Moines, Little Sioux, North & South Raccoon, Maple and Nishnabotna
watersheds. This cluster receives natural gas from Alliant Energy, MidAmerican Energy, Black Hills Energy and
several local municipal utilities and has several pork processing facilities within the cluster, including those operated
by Smithfield, Farmland and Tyson. Crawford county has two processing plants and is served by Black Hills Energy.

A fourth cluster led by Wright county, in the north central part of the State, is in the Boone, Upper Iowa, Cedar and
South Skunk watersheds. This region is primarily served by municipal gas utilities. It has one pork processing plant
within the cluster and several in adjacent counties.

10

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator
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A pilot project in one of the above counties with a $10-million capital cost will process about 100 MT of biomass
daily and produce 271 MMbtus of RNG. At 271 MMBtus per day RNG production, the project will have a year 1
revenue of $2.6 million after debt service. This is primarily from a premium paid for lower carbon fuels. The baseline
scenario assumed a payment of $47 per MMBtu. That is equal to approximately $60 million in aggregate cash flow
after debt service over the 20-year project life.

Payment from IDALS for planting cover crops is currently the only payment available for nutrient reduction benefits
of the project. A more robust nutrient trading platform would provide growers greater incentive to plant cover crops.

About 2,000 gallons of diesel can be displaced each day by 271 MMBtus of RNG used as vehicle fuel. At a carbon
intensity of -100 gCO2e/MJ, the RNG used in transportation will reduce approximately 21,000 MT of GHGs per
year by displacing the higher carbon diesel. This is approximately equal to removing 4,500 cars from the road or
electrifying 3,000 homes for one year10. A part of this GHG reduction is achieved by preventing methane release
from manure storage, which results in more environmentally friendly hog farming.

Assuming $1 million in O&M and a 2.5% rate for debt financing over 20 years, break even requirements are $1.75
million annually or $18 per MMBtu of RNG production. Subtracting the commodity price of the natural gas, there
is a $15 per MMBtu revenue requirement for the project to break even. It may be possible to secure a long-term
fixed price contract for the RNG’s in that range. A combination of payments for all of the projects services should
be added to diversify revenue risk.
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Next Steps
This report is a study of optimum sites for a pilot project that processes cover crops and hog manure in a county
in Iowa. Although the results are promising, there is a significant number of unknowns that can impact the
success of a pilot project. We recommend the State conduct site-specific capital cost, expense and revenue
estimations in a few of the eligible counties to arrive at a pilot model that is based on ground truth. Some of the
next steps are listed below and should be used as a guide to the next phase of project evaluation.

1. Interviews with farmers, Extension professionals and IDALS need to be conducted to understand the
various factors that affect cover crop adoption in Iowa. Questions include:
a. What is the total planted acres possible?
b. What factors have resulted in the diverse rates of adoption of cover crops across various
counties?
c. How much cover crop is actually planted? This report only accessed the data available through
IDALS cost sharing program. Including growers who are not counted here, may result in
different ranking of counties.
d. What are factors that affect selection of which cover crop to plant? Which crop has maximum
biogas potential?
e. What are local farming practices? Are cover crop currently harvested or just plowed into the
ground and why?
f. What are the current economics of cover crop planting, harvesting and storing? A site-specific
analysis of these factors will provide greater confidence to the revenue and cost projections.
g. What per-treatment is necessary before a specific cover crop is processed in an anaerobic digester?

2. Similarly, the economics of manure management, storage, transport and land application need to be studied
more to understand how a manure digester would interface with current practices and available infrastructure
at a hog feedlot.
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3. A rural anaerobic digester essentially functions as a small wastewater treatment plant. Investments in regional

wastewater infrastructure should be coordinated with local demand for wastewater services and any planned
capital projects at the local municipal wastewater treatment plant. Questions include:
a. What capital projects are planned at the local wastewater treatment plant?
b. Can manure and cover crops be co-digested at a municipal wastewater facility?
c. What will be the long-term impact of having parallel networks of municipal and agricultural
digesters?

4. Biogas potential of hog manure and the crop biomass should be proven through sampling and laboratory
testing. Actual quotes from vendors for the digestor and upgrading equipment with performance guarantees
should be obtained. Operating costs should be accurately developed for all the equipment installed.

5. Once actual farming and manure management practices and local wastewater treatment needs are
understood and equipment vendors identified, for a specific site, a more refined, comprehensive, site-specific
estimate of capital costs and operating costs should be developed.

6. All the products and services provided by the specific project (including all environmental services) should be
listed. The payment for each product and service should be determined and a more detailed project operating
pro forma developed. This should be used to determine optimum financing structures.

7. A financing structures for pilot project and a plan for long term viability of similar projects should be developed.
Breakeven points and minimum pricing required for various services should be identified and a policy
framework developed to support project development.

8. Securing offtake for products and services at price points that support commercialization will be very
important. To this end a variety of end uses for the RNG should be explored. These include:
a. Integration with Iowa’s renewable fuel production – use as process energy at ethanol and
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biodiesel plants and create higher value for Midwest renewable fuel.
b. Use as vehicle fuel - integration with other state programs such as the Volkswagen

settlement fund and Iowa’s beneficiary Mitigation Plan for reducing NOx.
c. Renewable power to large power consumers who may be incentivized to add dedicated
renewable sources to their portfolio.
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Appendix A:
Current trends that spur development of a
biomass-to-fuel project
Availability of Hog Manure
Iowa leads the nation in pork production with more than 6,000 hog farms and approximately 20 million pigs
being raised in the state at any given time. Iowa’s hogs provide manure to fertilize Iowa’s farmland. Although
manure is a resource that can be used in sustainable crop production, the phosphorus and nitrogen in manure
can enter regional watersheds if it gets washed away after application or if the soil itself is washed away11. Runoff
from manure application can also introduce pathogens into the waterways and result in beach closures affecting
the quality of life for homeowners along the waterways.

The solution to the above problem may be in anaerobic treatment of the manure prior to application. Anaerobic
digestion is known to kill pathogens and reduces losses from runoff. According to the EPA12, “[anaerobic
digesters] as part of an integrated manure management approach:
•

Reduce methane emissions from manure lagoons, stockpiles and storage ponds;

•

Minimize odors and pathogens;

•

Generate products for use on the farm, such as animal bedding and high-quality fertilizer;

•

Reduce solids content.”

Thus, processing hog manure in an anaerobic digester can have many benefits without losing any of its value as a
source of nutrients for farmers. Hog manure, which is abundantly available in Iowa, could also be co-digested with
other organic materials, such as cover crops, to increase biogas yield.

11

http://iowapolicyproject.org/2016Research/160504-manure.html

12

https://www.epa.gov/anaerobic-digestion/environmental-benefits-anaerobic-digestion-ad#ManureMngmt
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Cover Crops and Water Quality
Iowa has experienced a steady increase in cover crop acres since 2011, and statewide estimates indicate
600,000 acres were planted in 201613 . This is expected to increase over time as the Iowa Department of
Agriculture and Land Stewardship (IDALS) is providing incentives to farmers to plant over crops.

IDALS’ support for cover crops originates in The Iowa Water Quality Initiative established in 2013 to help
implement Iowa’s Nutrient Reduction Strategy, which is a collaborative research-based approach to achieving a
45% reduction in nitrogen and phosphorus losses into regional watersheds14.

According to Iowa Water Quality Initiative’s (WQI) 2017 Annual Report, 151,000 acres of cover crops were
established in Iowa in FY 2015 through funding from the WQI cost-share program. The 151,100 acres
resulted in a load reduction of 643.4 tons of nitrogen and 17.9 tons of phosphorus15 in Iowa’s water bodies.

According to the United States Department of Agriculture’s Natural Resources Conservation Service (USDA
NRCS), cover crops provide a variety of benefits16, including:
•

Reducing soil erosion and runoff of nutrients and pathogens

•

Increasing soil organic matter for enhanced plant growth

•

Providing high-quality biomass for a variety of end uses

If a stable and profitable market can be established for biomass from cover crops, it will likely result in increased
acres of cover crop being planted. One possibility is co-digesting it with hog manure to produce biogas.

13

https://www.iowaagriculture.gov/press/2017press/press12112017.asp

14

https://www.iowaagriculture.gov/press/2017press/press11162017.asp

15

https://www.legis.iowa.gov/docs/publications/SD/851876.pdf

16

https://www.nrcs.usda.gov/wps/portal/nrcs/detail/ny/technical/?cid=nrcs144p2_027252
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Iowa Energy Plan
In 2017, the Iowa Economic Development Authority (IEDA) undertook a sweeping evaluation of Iowa’s energy
landscape and crafted Iowa’s first Energy Plan. It recommended a series of objectives and strategies to place
Iowa on a path toward a sustainable energy future17.

The Plan recognized that biomass has the potential to have a great impact on Iowa’s energy economy. It noted
that, “In Iowa the use of biomass to produce electricity directly or to produce biogas remains an untapped
potential and abundant resource.” It further noted that by 2030, Iowa will lead the nation with 31 million tons
in crop residue productions and manure that can be utilized for bioenergy18.

According to the Plan, the benefits of utilizing biomass to produce energy include:
• Reducing wastewater disposal costs
• Increased revenues to farmers
• Reduction in fuel costs
• New investments, increased economic activity and job creation
• Improved water quality from reduced nutrient runoff
• Increased crop diversity and improved soil health from planning perennials and cover crops
• Improved air quality from renewable power generation and cleaner burning transportation fuels.

Therefore, this report explores the economics of a pilot project that would co-process hog manure in an anaerobic
digester with cover crops to achieve all the objectives of the Iowa Energy Plan.

17

http://www.iowaenergyplan.org/docs/IowaEnergyPlan.pdf

18

http://www.iowaenergyplan.org/docs/IowaEnergyPlan.pdf
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Appendix B:
Ranking of all 99 counties for cover crops and
hog manure
County

Ranking

#of hogs in county

2016 cover crop acres

Washington

15

644,355

21,353

Cedar

5

214,030

12,691

Iowa

4

107,050

10,055

Buena Vista

9

557,738

8,607

Crawford

4

378,160

8,079

Lyon

8

912,463

6,600

Audubon

6

262,376

5,748

Pocahontas

4

353,658

5,648

Keokuk

6

346,856

5,642

Henry

4

159,435

5,519

Mitchell

4

292,244

4,777.4

Delaware

4

404,406

4,746.9

Sac

6

532,937

4,592.1

Carroll

4

490,053

4,222.9

Butler

4

371,589

4,114.6

Wapello

4

92,650

4,045.0

Wright

6

61,4201

4,030.7

Davis

4

204,238

3,939.0

Sioux

10

1,422,860

3,855.0

Cherokee

4

360,469

3,834.0

Palo Alto

8

769,249

3,469.2

Mahaska

4

388,966

3,240.5

Floyd

4

251,493

3,199.9

Kossuth

4

927,303

3,045.9

Osceola

6

580,088

2,866.7

Site Selection Analysis | 31

County

Ranking

#of hogs in county

2016 cover crop acres

Howard

4

409,754

2,597.0

Grundy

4

258,133

2,592.7

Chickasaw

4

312,622

2,481.7

Buchanan

4

352,218

2,371.4

Clay

4

304,227

1,883.9

Plymouth

4

921,268

1,857.1

Franklin

4

887,935

1,738.8

Hardin

5

1,015,959

1,560.2

Hamilton

4

930,142

1,403.1

Jefferson

3

156,126

4,028.4

Dubuque

3

65,865

4,843.1

Marion

3

47,135

4,708.5

Monroe

3

22,051

1,551.0

Muscatine

3

176,526

4,207.6

O’Brien

3

581,704

1,003.8

Woodbury

3

520,383

2,393.2

Allamakee

3

116,908

3,326.3

Black Hawk

3

164,875

5,598.1

Clayton

3

171,065

5,123.8

Polk

3

7,640

3,777.2

Fayette

2

353,154

1,673.5

Greene

2

368,808

1,238.9

Adams

2

79,981

2,693.7

Des Moines

2

86,704

2,962.0

Louisa

2

225,097

3,011.4

Montgomery

2

24,936

4,211.2

Adair

2

66,262

2,188.6

Benton

2

112,035

5,424.1

Boone

2

120,464

2,576.8

Calhoun

2

453,972

1,482.7
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County

Ranking

#of hogs in county

2016 cover crop acres

Cass

2

46,701

2,796.0

Clinton

2

124,638

3,461.7

Emmet

2

350,361

389.1

Guthrie

2

121,117

3,380.9

Hancock

2

480,107

589.3

Humboldt

2

200,396

2,256.3

Jackson

2

23,006

1,642.3

Jasper

2

194,466

4,337.0

Johnson

2

85,299

4,619.1

Jones

2

153,179

2,112.6

Lee

2

82,034

1,709.8

Linn

2

60,602

3,342.1

Lucas

2

40,166

553.6

Madison

2

45,575

2,461.9

Marshall

2

153,814

3,235.0

Monona

2

36,090

2,725.3

Pottawattamie

2

59,750

3,769.1

Scott

2

135,573

3,667.5

Story

2

94,920

3,062.1

Tama

2

104,132

3,787.5

Taylor

2

172,174

1,078.0

Van Buren

2

88,190

1,431.7

Warren

2

21,222

1,347.7

Wayne

2

35,411

1,508.9

Winneshiek

2

175,015

4,420.4

Bremer

2

130,857

1,250.8

Dallas

2

101,150

2,256.6

Appanoose

1

4,960

467.0

Clarke

1

59,586

427.0

Ida

1

175,695

1,121.4
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County

Ranking

#of hogs in county

2016 cover crop acres

Page

1

28,240

699.5

Poweshiek

1

155,745

847.5

Cerro Gordo

1

131,831

1,066.1

Decatur

1

94,317

257.7

Dickinson

1

89,005

803.4

Fremont

1

62,512

645.5

Harrison

1

60,670

967.7

Mills

1

5,012

670.4

Ringgold

1

140,546

141.8

Shelby

1

138,481

687.0

Union

1

146,155

234.0

Webster

1

231,336

1,961.1

Winnebago

1

167,024

1,335.7

Worth

1

32,363

734.7
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Appendix C:
Gas utilities that overlap selected 34 counties
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Appendix D:
Pork processors that overlap selected
34 counties
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Appendix E:
Wastewater treatment plants with digesters in
the selected 34 counties
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Appendix F:
Watersheds that overlap selected 34 counties
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Appendix G:
Impaired waters in the selected 34 counties
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